The study of wooden plate bamboo connection system with the addition of wooden clamp was carried out taking into account the variety the angle of the stems at the joint. The loading was preceded through the application of compressive force at the joint's member understudied up to reaching the maximum load and the connection was collapsed. It is known that the strength of bamboo not parallel to the direction of the fiber is lower than those parallel to fiber. Therefore, the strength of connection must be determined considering the strength of bamboo not parallel to the fiber direction. . It can be concluded that there is a decrease in the strength and stiffness of the joints along with the increase in stem's angle of the bamboo truss connection system using wooden plate and clamp.
INTRODUCTION
Bamboo plants have been known as the plant of "source of livelihood". As a source of life, bamboo plants can produce a lot of oxygen. The roots of plants can store water and strengthen the soil to prevent erosion, especially in the slope of a steep cliff. For human life, the bamboo plant can be used to basic human needs such as the need for food, clothing, and housing.
Bamboo is highly an environmentally friendly construction material that suitable to support green building program as part of the program to combat global warming. Bamboo is the very fast growth of which can reach a maximum height of 15-18 cm in 4-6 weeks, while wood takes a year [1] . As a construction material, compared to wood, bamboo is a renewable material because of its rapid growth and fast growth as well as a short period of planting of about 3 -5 years, can be used as a construction material [2] .
Owing to its relatively high strength, stiffness and lightweight characteristics, bamboo is a potential substitute for wood. It is also easily worked using simple tools when employed in construction practices. Bamboo culms are available in a variety of length and have a high strength-weight ratio that makes it suitable to be used as a structural material. As a structural material, bamboo can be used in a variety of building components such as beams, columns, partitions, floors or as a truss structure. In truss structures, bamboo is commonly applied as structural members in roof construction and bridge structures.
High strength bamboo material cannot be fully utilized due to the constraints of the connection system. Researches to obtain a strong connection system to overcome the problem of the weakness of a connection have been widely done. Examples include the connection system with connecting bolts and filling cement mortar in internode of culm of bamboo [3] , the connection system with gusset plate of steel and devices connecting bolts [4] , the connection system with gusset plate of plywood materials and devices connecting bolts [5] and the connection system with gusset plate of plywood materials or hard wooden planks and devices connecting nails [6] . A connection system without filler material on bamboo culms with wooden gusset plate and wooden clamps used to increase the contribution to the shear at the connection has been proposed by Masdar [7] .
In the development of connection system on bamboo truss structure, the behavior aspects must be considered, including the connections between components of the connection system. Furthermore, in a joint model of the bamboo truss structure, behavior the connection system for joint with variations of the angle between culm of bamboo need to know. This paper addresses this subject, with the objective of the study (i) knowing the influence of variations of the angle between culm of bamboo on joint model against strength and stiffness of bamboo truss structure and (ii) experimentally, assessing their structural behavior and performance under statical loading.
DESCRIPTION OF CONNECTION SYSTEM
A connections systems that use of steel for gusset plates and relatively heavy infill material has made this connection system to be less desirable of the significant increase of structure weight and construction costs that make it uneconomical. A bamboo connection system that possesses lightweight nature but higher strength and lower cost while keeping the form of the bamboo being connected remains natural has been developed by Masdar [7] , [8] , [9] .
The proposed bamboo connection system consists of bolts, wooden gusset plates and special wooden clamps that have been adjusted with the shape and dimension of the bamboos being connected as shown in Fig. 1 . The wooden clamps were placed between the bamboo and wooden gusset plates make contact area that capable of mobilizing its friction capacity to transfer the applied load for stronger and reliable connection as shown in Fig. 2 .
The wooden clamp with a ring angle of 90 o was determined to be optimal and thus recommended to be applied to connections of bamboo truss structure [7] . Based on the results of previous research conducted by Masdar [7] , [8] , [9] can be known that the strength of this bamboo connection system is influenced by several factors such as material characteristics in the connection system, the angle of wood clamps to the bamboo circumference and bolt tightening force. Fig. 1a The proposed bamboo connection system (truss structure) [8] , [9] Fig. 1b The component of the connection system [8] , [9] (a) (b) Fig. 2 Distribution of force on the bolt and wooden gusset plate to a bamboo culm (a) direct force into a bamboo culm (b) force through to a wooden clamps
EXPERIMENTAL INVESTIGATION
The study was conducted experimentally in two phases of testing. In the early stage of the research preliminary testing on basic properties of the materials used have been conducted. The second phase of the research involved designing and fabricating several types of joint model of bamboo truss structure with full-scale sizes and tested experimentally in the laboratory. The experiment was carried out under static loading on the bamboo truss connections model with the various angle of connection stems of 0 o , 30 o and 45 o toward bamboo fiber direction
Test Set-up
Tests on the joint model of bamboo truss structure are carried out in static loading. Static loading is carried out until it reaches ultimate load and observation on a deflection that occurs. In this test, the load-displacement relationship is measured with load instrument in the form of load cell capacity 10 Ton and displacement with LVDT capacity of 50 mm.
The testing method of basic material properties was based on ISO N22157-2 [10] for bamboo and ASTM D 143 for wood [11] . The testing method of bearing strength of bamboo was adopted from ASTM D 5764 standard test method for evaluating dowel bearing strength of wood and wood-based products [12] . Bearing strength test has been The test set-up for joint models is shown in Fig.  3 . The experiment was carried out under static loading on the joint model of bamboo truss structure with the various angle of connection stems toward bamboo fiber direction is shown in Fig. 4 . The test is performed by giving compression test on bamboo culm with three of varied of the angle between bamboo culm. 
Material
The material used on the joint model of bamboo truss structure is a natural material and a bolt made of steel with a diameter of 12,2 mm. The type of bamboo used as the main structural material in this study was Gigantochloa atroviolacea. 
RESULTS AND DISCUSSION

The Strength and Stiffness of The Joints Model
The relationship between load and displacement obtained from the tests is shown in Fig. 5 . o toward the direction of bamboo fiber on each specimen shows the maximum load ranged from 1751 kg up to 1820 kg with displacement respectively is 38,2 mm and 29,58 mm. The compression test results showed that the maximum strength on a joint model of bamboo truss structure is affected by the angle of a bamboo joint. The greater the angle to the direction of bamboo fiber on the joint model of the bamboo truss structure, the strength, and stiffness of the joints are smaller as shown in Fig. 6 and listed in Table 4 . Fig. 6 showing the relationship between the maximum force average with the various angle of connection stems of 0 o , 30 o and 45 o toward bamboo fiber direction, where the strength of the connection decreases as the angle of force increases in the connection system. The average maximum strength on the joint model of bamboo truss structure with bamboo stem angle of 0° 30° and 45° obtained from these compression tests was 22.71 kN, 18.89 kN, and 17.93 kN, respectively. From the test result, it was found that there is a decrease in the connection strength at stem angle of 30 o and 45 o for about 16,80% and 12,21%, respectively, compared to the strength of the stem angle of 0 o . Similarly, the test results also resulted the value of average elastic stiffness (Se) of the connection also indicates a decrease in the of elastic stiffness value (Se) of the connection for the stem's angle 30 o and 45 o for about 42,62% and 82,95%, respectively, compared to stem angle of 0 o . The maximum loads and the loads that correspond to the yielding of the connections were different among the variables of the bamboo stem angle. Based on the compression test results of the connections depicted in Fig. 6 and listed in Table 4 , it can be concluded that the greater bamboo stem angle, α, the lower the strength and stiffness of the connection would be. It can be concluded that there is a decrease in the strength and stiffness of the joints along with the increase in stem's angle of the bamboo truss connection system using wooden plate and clamp. In Fig. 7 can be seen the damage occurred on the bamboo is marked with a red line. In the specimen with stems angle of 0 o , 30 o and 45 o , the most damage occurs in bamboo, while the other connection system components damage is not so big or just small damage.
The mechanical behavior of the components of the connection system of bamboo, wooden clamp, wooden gusset plate, and bolt connectors greatly affect the strength of the connection system on the bamboo truss structure. The mechanical behavior of material on connection system related to the strength of the connection components need to be considered to determine the strength of the connection. In this research, analytical method considering failure mode and the strength of bamboo connection will be verified with the result from experimental work. The strength of connection of bamboo and the failure mode can be estimated from the formula which was introduced by Masdar [7] , [8] . In Fig. 7 , it appears that the damage occurred is in the middle of the connection system (bamboo). Failure mode I occur in the specimens. Failure mode I occur when the bamboo bearing is reached. It can be concluded that the component of the connection system determines the strength of bamboo connections.
CONCLUSIONS
This paper presented a study about the implementation of the connection system of the wooden plate and wooden clamp on the joint model of the bamboo truss structure. The proposed connections system were implemented considering that information and references about the joint model of bamboo truss structure are very important. The following main conclusions may be drawn from this study: 
